Day length and growth:Behaviour, energy balance, protein synthesis by Boon, Polly Ester
  
 University of Groningen
Day length and growth
Boon, Polly Ester
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1999
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Boon, P. E. (1999). Day length and growth: Behaviour, energy balance, protein synthesis. Groningen: s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the











3ROO\ %RRQ ,QD (YHUWV DQG * +HQN 9LVVHU 
=RRORJLFDO /DERUDWRU\ 8QLYHUVLW\ RI *URQLQJHQ +$5(1 7KH 1HWKHUODQGV




(IIHFW RI VKRUW GDLO\ IHHGLQJ SHULRGV RQ ERG\ PDVV ERG\ FRPSRVLWLRQ DQG IRRG LQWDNH ZHUH
LQYHVWLJDWHG LQ IDVW JURZLQJ -DSDQHVH TXDLO &RWXUQL[ F MDSRQLFD %LUGV ZHUH VXEMHFWHG IURP 
WLOO  G RI DJH WR HLWKHU D ORQJ /' /' Q  RU VKRUW GD\ OHQJWK /' 6' Q 
ZLWK DG OLE IRRG GXULQJ WKH OLJKW SHULRG :H H[DPLQHG WKH HIIHFW RQ OHDQ PDVVHV RI KHDUW
SHFWRUDOLV PXVFOH OLYHU FURS SURYHQWULFXOXV SOXV JL]]DUG LQWHVWLQH VSOHHQ DQG WRWDO GU\ IDW
DQG OHDQ PDVV %LUGV ZHUH VDFULILFHG HLWKHU DW WKH VWDUW RU HQG RI WKH OLJKW SHULRG WR HYDOXDWH WKH
DPRXQW RI IRRG SUHVHQW LQ WKH GLIIHUHQW VHJPHQWV RI WKH JDVWURLQWHVWLQDO WUDFW *,7 5HVXOWV
UHYHDOHG WKDW /'ELUGV KDG D KLJKHU ERG\ PDVV DQG KLJKHU UHODWLYH GU\ DQG IDW DQG ORZHU
UHODWLYH OHDQ PDVV WKDQ 6'ELUGV )RRG LQWDNH ZDV UHGXFHG LQ WKH 6'JURXS EXW LQFUHDVHG
PRUH UDSLGO\ GXULQJ WKH H[SHULPHQW WKDQ LQ WKH /'JURXS )RRG UHVWULFWLRQ UHVXOWHG LQ D KLJKHU
UHODWLYH FURS PDVV DQG D ORZHU UHODWLYH KHDUW PDVV DW  G RI DJH ,QWHVWLQH OHQJWK ZDV QRW
DIIHFWHG ZKLOH LQWHVWLQH GHQVLW\ ZDV KLJKHU LQ WKH /'JURXS 6'TXDLO GLG QRW DGMXVW WKHLU
GLJHVWLYH RUJDQV WR D ORZHU IRRG LQWDNH 7KLV UHVXOWHG LQ DQ RYHUFDSDFLW\ RI WKH *,7 DW WKH VWDUW
RI WKH H[SHULPHQW ZKLFK ZDV JUDGXDOO\ UHGXFHG GXH WR LQFUHDVLQJ IRRG LQWDNH OHYHOV :H
FRQFOXGH WKDW IDVW JURZLQJ TXDLO VXEMHFWHG WR WLPHOLPLWHG IRRG UHVWULFWLRQ HQODUJH WKHLU UHODWLYH
FURS PDVV E\ ZKLFK WKH\ DUH DEOH WR LQFUHDVH IRRG LQWDNH WR D OHYHO ZKLFK PDNHV
PRUSKRORJLFDO DGMXVWPHQWV RI RWKHU VHJPHQWV RI WKH *,7 DQG OLYHU QRW EHQHILFLDO
)RRG UHVWULFWLRQ DQG ERG\ FRPSRVLWLRQ LQ TXDLO 
,1752'8&7,21
5HVWULFWHG IHHGLQJ FRQGLWLRQV ZKHUH WLPH GXULQJ ZKLFK IHHGLQJ FDQ RFFXU LV OLPLWHG
IRU H[DPSOH GXULQJ PHDO IHHGLQJ OHDG WR EHKDYLRXUDO DGMXVWPHQWV LQ ERWK IHHGLQJ
DQG DFWLYLW\ OHYHOV IRRG LQWDNH UDWHV DUH LQFUHDVHG DQG DFWLYLW\ OHYHOV DUH UHGXFHG
ZKHQ QR IRRG LV SUHVHQW  ,Q WKLV ZD\ \RXQJ ELUGV DUH DEOH WR JURZ DW
PD[LPXP UDWH GHVSLWH OLPLWDWLRQV LQ IRRG VXSSO\ $SDUW IURP EHKDYLRXUDO
DGMXVWPHQWV UHVWULFWHG IHHGLQJ UHJLPHV PD\ DOVR OHDG WR PRUSKRORJLFDO DGDSWDWLRQV RI
WKH GLJHVWLYH RUJDQV  0HDO IHHGLQJ LQ \RXQJ FKLFNHQV UHVXOWHG LQ LQFUHDVHG
UHODWLYH ZHLJKWV H[SUHVVHG DV SHUFHQWDJH RI ERG\ PDVV RI FURS DQG JL]]DUG 
,QWHUPLWWHQW IHHGLQJ ZKHUH FKLFNV ZHUH GHSULYHG RI IRRG RQ DOWHUQDWH GD\V OHG WR DQ
LQFUHDVH LQ WKH UHODWLYH ZHLJKWV RI OLYHU SDQFUHDV DQG JDVWURLQWHVWLQDO WUDFW LQFOXGLQJ
WKH VPDOO LQWHVWLQH  5HVWULFWLQJ IRRG LQWDNH E\ OLPLWLQJ WKH DPRXQW RI IRRG
RIIHUHG ZLWKRXW D WLPH OLPLW UHVXOWV DOVR LQ FKDQJHV LQ WKH GLJHVWLYH RUJDQV FRPSDUHG
WR DG OLE FRQGLWLRQV  )RRG UHVWULFWLRQ  RI DG OLE LQ EURLOHU
FKLFNHQV IURP  WR  G RI DJH UHVXOWHG LQ DQ LQFUHDVHG UHODWLYH JL]]DUG PDVV DW  G
RI DJH  ,W KDV EHHQ K\SRWKHVLVHG WKDW \RXQJ ELUGV IDFLQJ DQ HQYLURQPHQWDO
FKDOOHQJH VXFK DV D UHGXFWLRQ LQ IRRG DEXQGDQFH PD\ H[KLELW FRPSHQVDWRU\ FKDQJHV
LQ UDWHV RI PHWDEROLVP DQGRU PDWXUDWLRQ  ,Q WKLV ZD\ FKLFNV ZRXOG EH DEOH WR
JURZ DW PD[LPXP UDWH ([WHQGLQJ WKLV K\SRWKHVLV WR LQFOXGH WKH JDVWURLQWHVWLQDO WUDFW
ZRXOG LPSO\ WKDW E\ PRUSKRORJLFDO DGMXVWPHQWV RI WKH GLJHVWLYH RUJDQV FKLFNV PD\
LQFUHDVH IHHGLQJ HIILFLHQF\ DQGRU IRRG VWRUDJH FDSDFLW\ DQG WKXV HQVXUH PD[LPDO
JURZWK UDWHV 7KHVH DGDSWDWLRQV RI WKH GLJHVWLYH V\VWHP DUH OLNHO\ WR EH H[SHQVLYH LQ
WHUPV RI HQHUJ\ DQG PD\ UHVXOW LQ D VLWXDWLRQ ZKHUH OHVV HQHUJ\ FDQ EH DOORFDWHG WR
WKH GHYHORSPHQW RI RWKHU RUJDQV DQGRU WLVVXHV WKDW DUH OHVV LPSRUWDQW IRU JURZWK )RU
H[DPSOH IRRG UHVWULFWLRQ LPSDLUV PXVFOH GHYHORSPHQW LQ JURZLQJ DQLPDOV
 $OVR LPPXQH IXQFWLRQ FDQ EH QHJDWLYHO\ LQIOXHQFHG E\ IRRG UHVWULFWLRQ

7KH SUHVHQW VWXG\ ZDV FRQGXFWHG WR LQYHVWLJDWH WKH HIIHFW RI WLPHOLPLWHG IRRG
UHVWULFWLRQ RQ ERG\ FRPSRVLWLRQ RI IDVW JURZLQJ ELUGV GXULQJ HDUO\ GHYHORSPHQW )RU
WKLV SXUSRVH ZH LQYHVWLJDWHG FKDQJHV LQ ERG\ FRPSRVLWLRQ LQ JURZLQJ -DSDQHVH TXDLO
&RWXUQL[ F MDSRQLFD H[SRVHG WR HLWKHU D ORQJ  K RU VKRUW GD\ OHQJWK  K ZLWK
RQO\ DG OLE IRRG GXULQJ WKH OLJKW SHULRG :H H[DPLQHG WKH ELUGV GXULQJ D SHULRG RI
UDSLG ERG\ ZHLJKW JDLQ ² G RI DJH EHFDXVH ZH H[SHFWHG WKH JUHDWHVW HIIHFWV
GXULQJ WKLV SHULRG -DSDQHVH TXDLO ZHUH XVHG D VSHFLHV ZLWK WKH IDVWHVW JURZWK UDWH LQ
WKH IDPLO\ 3KDVLDQLGDH  DQG OLNHO\ WR EH UHVSRQVLYH WR YDULDWLRQV LQ IRRG
DYDLODELOLW\ :H H[DPLQHG WKH GHYHORSPHQW RI WKH KHDUW SHFWRUDOLV PXVFOH PLQRU
SOXV PDMRU OLYHU GLIIHUHQW FRPSRQHQWV RI WKH JDVWURLQWHVWLQDO WUDFW LQFOXGLQJ FURS
SURYHQWULFXOXV SOXV JL]]DUG DQG LQWHVWLQH DQG VSOHHQ :H DOVR PHDVXUHG IRRG
LQWDNH 7R HYDOXDWH WKH DPRXQW RI IRRG SUHVHQW LQ WKH GLIIHUHQW VHJPHQWV RI WKH





-DSDQHVH TXDLO &RWXUQL[ F MDSRQLFD QHRQDWHV RI D VWUDLQ VHOHFWHG IRU PD[LPXP ERG\
PDVV DW WKH DJH RI  ZHHNV ZHUH REWDLQHG IURP D FRPPHUFLDO TXDLO IDUP 19
1RXZHQ /RPPHO %HOJLXP 8QWLO WKH DJH RI  G ELUGV ZHUH NHSW LQ ZRRGHQ FDJHV
O×E×K ×× FP ZLWK VDZGXVW EHGGLQJ LQ FRQWLQXRXV OLJKW DQG DG OLE DFFHVV WR
TXDLO VWDUWHU IRRG DQG ZDWHU WR HQVXUH PD[LPXP SRVVLEOH ERG\ PDVV JDLQ $  :
KHDWLQJ ODPS ZDV SODFHG LQ HDFK FDJH WR SURYLGH D WHPSHUDWXUH JUDGLHQW VXIILFLHQW IRU
VHOHFWLRQ RI WKH SUHIHUUHG WHPSHUDWXUH E\ WKH FKLFNV $W  G RI DJH WKH ELUGV ZHUH
DVVLJQHG WR WKH H[SHULPHQWDO FRQGLWLRQV LQ VXFK D ZD\ WKDW WKH DYHUDJH ERG\ PDVV GLG
QRW GLIIHU EHWZHHQ WKH JURXSV 7KH ELUGV ZHUH DOORFDWHG WR HLWKHU D ORQJ /' /'
Q  RU VKRUW GD\ OHQJWK /' 6' Q  OLJKWV RQ DW  KRXUV 0(7 ZLWK
RQO\ DG OLE IRRG GXULQJ WKH OLJKW SHULRG $W  G RI DJH WKH FKLFNV ZHUH SHUPLWWHG WR
KDELWXDWH WR WKH H[SHULPHQWDO FRQGLWLRQV DQG DOORZHG WR HDW DG OLE GXULQJ WKH ZKROH
K SHULRG 7KH H[SHULPHQW VWDUWHG DW  G RI DJH 7KURXJKRXW WKH H[SHULPHQWDO
SHULRG D SHOOHWGLHW ,QVWLWXWH IRU $QLPDO 6FLHQFH DQG +HDOWK ,''/2 7KH
1HWKHUODQGV FRQWDLQLQJ  ZZ FUXGH SURWHLQ DQG  N-ZHW J JURVV HQHUJ\
FRQWHQW DV GHWHUPLQHG E\ ERPE FDORULPHWU\ RZQ PHDVXUHPHQW ZDV IHG :DWHU ZDV
IUHHO\ DYDLODEOH
'XULQJ WKH H[SHULPHQW WKH DQLPDOV ZHUH KRXVHG LQ ZRRGHQ FDJHV O×E×K
×× FP ZLWK D ZLUH ERWWRP DQG D  : KHDWLQJ ODPS 7KH KHDWLQJ ODPS ZDV
JUDGXDOO\ UDLVHG DQG ILQDOO\ UHPRYHG WR DOORZ WKH DPELHQW WHPSHUDWXUH WR GHFUHDVH WR
URRP WHPSHUDWXUH a°& ZLWKLQ  ZHHNV RI DJH 2QH IHHGHU DQG RQH ZDWHU
FRQWDLQHU ZHUH PRXQWHG RQ WKH OHIW DQG ULJKW VLGH RI WKH FDJHV UHVSHFWLYHO\ 7KH
FRQWDLQHUV ZHUH VHSDUDWHG IURP WKH LQVLGH E\ D SDUWLWLRQ ZLWK RSHQLQJV WKDW DOORZHG
ELUGV WR IHHG DQG GULQN ZLWKRXW FRPSHWLWLRQ )HHGHUV ZHUH DXWRPDWLFDOO\ UHPRYHG DQG
UHWXUQHG XVLQJ D FORFNFRQWUROOHG FRPSUHVVHG DLU V\VWHP
)RRG LQWDNH
7RWDO IRRG LQWDNH J SHU GD\ ZDV PHDVXUHG ² WLPHV SHU ZHHN E\ ZHLJKLQJ WKH
IHHGHUV DW WKH VWDUW DQG HQG RI WKH OLJKW  IHHGLQJ SHULRG IURP  G RI DJH RQZDUGV
2Q WKHVH GD\V ELUGV ZHUH ZHLJKHG WR  J DW WKH VWDUW RI WKH OLJKW SHULRG DQG IRRG
EHFDPH DYDLODEOH DIWHU ZHLJKLQJ 6SLOOHG IRRG ZDV FDUHIXOO\ FROOHFWHG IURP DOO SDUWV RI
WKH FDJH DQG DW WKH VLGH RI WKH FDJH ZKHUH WKH IHHGHU ZDV ORFDWHG 7KH K JURVV
HQHUJ\ LQWDNH *(, N-G SHU FDJH ZDV FDOFXODWHG E\ WUDQVIRUPLQJ K IRRG LQWDNH J
WR LWV HQHUJHWLF HTXLYDOHQW  N-J 7KLV YDOXH ZDV H[SUHVVHG DV *(, SHU ELUG
%RG\ FRPSRVLWLRQ
&KLFNV ZHUH VDFULILFHG E\ FHUYLFDO GLVORFDWLRQ DW      DQG  G RI DJH $W
HDFK DJH DQG H[SHULPHQWDO FRQGLWLRQ ² ELUGV ZHUH VHOHFWHG IRU FDUFDVV DQDO\VLV LQ
VXFK D ZD\ WKDW WKH JURXS RI VHOHFWHG FKLFNV KDG WKH DYHUDJH ERG\ PDVV RI WKH WRWDO
JURXS 1HRQDWHV ZHUH VDFULILFHG WKH PRPHQW WKH\ DUULYHG DW WKH ODERUDWRU\ EHIRUH
WKH\ KDG KDG DFFHVV WR IRRG &KLFNV RI  G RI DJH ZHUH NLOOHG DW  KRXUV 0(7
EHIRUH DVVLJQPHQW WR WKH WUHDWPHQWV $W WKH UHPDLQLQJ DJHV ² DQLPDOV ZHUH
)RRG UHVWULFWLRQ DQG ERG\ FRPSRVLWLRQ LQ TXDLO 
VDFULILFHG DW WKH VWDUW IDVWHG DQG ² DW WKH HQG RI WKH OLJKW SHULRG IHG 7DEOH  :H
ZHLJKHG ELUGV WR  J LQGLYLGXDOO\ EHIRUH VDFULILFLQJ WKHP %LUGV ZHUH VWRUHG
LQGLYLGXDOO\ LQ GHIODWHG SODVWLF EDJV DW R& WLOO DQDO\VLV
:H WKDZHG WKH FKLFNV RYHUQLJKW LQ EDJV DQG ZHLJKHG WR  J WKHP SUHFHGLQJ
GLVVHFWLRQ 7KH GLIIHUHQFH LQ ERG\ PDVV DW GHDWK DQG DIWHU WKDZLQJ ZDV VPDOO  
 J :H WKHUHIRUH XVHG ERG\ PDVV DW GHDWK LQ WKH DQDO\VHV 3ULRU WR GLVVHFWLRQ ZH
PHDVXUHG WKH OHQJWKV RI WKH ULJKW ZLQJ DQG ULJKW WDUVXV +HDUW ULJKW SHFWRUDOLV PXVFOH
PDMRU SOXV PLQRU OLYHU DQG VSOHHQ ZHUH H[FLVHG DQG ZHLJKHG LPPHGLDWHO\ RQ D
0HWWOHU DQDO\WLFDO EDODQFH WR WKH QHDUHVW  J *DVWURLQWHVWLQDO WUDFW *,7 ZDV
UHPRYHG RI ZKLFK ZH GLVWLQJXLVKHG WKH IROORZLQJ VHJPHQWV  FURS SOXV
RHVRSKDJXV  SURYHQWULFXOXV SOXV JL]]DUG DQG  LQWHVWLQH FRQVLVWLQJ RI VPDOO SOXV
ODUJH LQWHVWLQH DQG FDHFD 7KHVH VHJPHQWV ZHUH ZHLJKHG EHIRUH DQG DIWHU UHPRYDO RI
WKH FRQWHQW &RQWHQW ZDV UHPRYHG E\ ZDVKLQJ WKH WLVVXH XQGHU VWUHDPLQJ WDS ZDWHU
7KH WLVVXH ZDV WKHQ EORWWHG RQ D SDSHU WRZHO WR UHPRYH H[FHVV ZDWHU 7KH LQWHVWLQH RI
QHRQDWHV ZDV WRR WHQGHU IRU WKLV SURFHGXUH DQG ZDV FOHDQHG E\ SUHVVLQJ LW EHWZHHQ
EORWWLQJ SDSHU :H FDOFXODWHG WKH FRQWHQW RI WKH GLIIHUHQW *,7 VHJPHQWV DV WKH
GLIIHUHQFH EHWZHHQ ZHW PDVV RI WKH VHJPHQW EHIRUH DQG DIWHU FOHDQLQJ 7KH
XQVWUHWFKHG OHQJWK RI WKH LQWHVWLQH ZLWKRXW FDHFD ZDV PHDVXUHG DV ZHOO DV WKH
OHQJWK RI WKH SDLUHG FDHFD (DFK RUJDQ ZDV WULPPHG RI IDW ,Q RUGHU WR UHGXFH WKH
YDULDWLRQ LQ WKH FXWWLQJ ZHLJKLQJ DQG ZDVKLQJ SURFHGXUHV DFWLRQV ZHUH FDUULHG RXW
E\ WKH VDPH SHUVRQV
:HW ERG\ PDVV :%0 J ZDV FDOFXODWHG DV WKH GLIIHUHQFH EHWZHHQ ERG\ PDVV DW
GHDWK DQG WKH ZHW IRRG FRQWHQW RI WKH *,7 'U\ PDVV J RI FDUFDVV UHPDLQGHU DQG
LQGLYLGXDO RUJDQV ZDV GHWHUPLQHG E\ RYHQ GU\LQJ +HUHDXV 87 *HUPDQ\ DW
 1XPEHU RI ELUGV VDFULILFHG HLWKHU DW WKH VWDUW IDVWHG RU HQG RI WKH OLJKW SHULRG IHG
 1XPEHUV LQ EUDFNHWV LQGLFDWH DPRXQW RI FDJHV
7DEOH  &KDUDFWHULVWLFV PHDQ ± 6' RI -DSDQHVH TXDLO H[SRVHG WR GLIIHUHQW GD\ OHQJWKV ZLWK DG
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&KDSWHU 
R& IRU ² K WR FRQVWDQW PDVV ,62  $IWHU ZHLJKLQJ WKH SDUWV IDW ZDV
H[WUDFWHG LQ D 6R[KOHW DSSDUDWXV XVLQJ SHWUROHXPHWKHU ERLOLQJ WUDMHFWRU\ ²°& DV
D VROYHQW $IWHU H[WUDFWLRQ DOO FRPSRQHQWV ZHUH GULHG IRU  K DW R& DQG ZHLJKHG
:H GHILQH IDW PDVV J RI ERWK FDUFDVV UHPDLQGHU DQG HDFK RUJDQ DV GU\ PDVV PLQXV
H[WUDFWHG GU\ PDVV /HDQ PDVV J LV GHILQHG DV WKH ZHW PDVV PLQXV IDW PDVV 'U\ OHDQ
DQG IDW RUJDQ PDVVHV ZHUH DGGHG WR WKH FDUFDVV UHPDLQGHU YDOXHV WR REWDLQ WKH GU\
OHDQ DQG IDW PDVV RI WKH ZKROH ERG\
'DWD DQDO\VLV
'DWD DUH H[SUHVVHG DV PHDQV DQG LQWHULQGLYLGXDO VWDQGDUG GHYLDWLRQV 'LIIHUHQFHV
EHWZHHQ JURXS PHDQV ZHUH DQDO\VHG E\ 6WXGHQW·V W WHVW 6366 ,QF  %HFDXVH RI
 ODUJH YDULDWLRQV LQ ERG\ PDVV LQ WKH 6'JURXS 7DEOH   VPDOO VDPSOH VL]HV IRU
HDFK DJH FDWHJRU\ DQG  GLIIHUHQFHV LQ ERG\ PDVV EHWZHHQ WKH WZR FRQGLWLRQV DW WKH
VDPH DJH ZH FRPSDUHG WKH GLIIHUHQW SDUDPHWHUV EDVHG RQ ORJORJ UHJUHVVLRQV RQ
ERG\ PDVV IURP  G RI DJH RQZDUGV 7R WKLV HQG ZH XVHG DQDO\VLV RI FRYDULDQFH
$1&29$ ZLWK H[SHULPHQWDO FRQGLWLRQ DV PDLQ HIIHFW DQG ERG\ PDVV DV FRYDULDWH
1R ORJDULWKPLF WUDQVIRUPDWLRQ ZDV DSSOLHG ZKHQ DQDO\VLQJ IRRG FRQWHQW RI WKH
GLIIHUHQW JDVWURLQWHVWLQDO WUDFW VHJPHQWV IRU D WUHDWPHQW HIIHFW ZLWK ERG\ PDVV DV D
FRYDULDWH 7KH LQWHUDFWLRQ EHWZHHQ WUHDWPHQW DQG ERG\ PDVV ZDV WDNHQ LQWR DFFRXQW
WR WHVW ZKHWKHU DOORPHWULF UHODWLRQVKLSV GLIIHUHG EHWZHHQ GD\ OHQJWKV ,I WKLV IDFWRU ZDV
QRW VWDWLVWLFDOO\ VLJQLILFDQW S≥ LW ZDV GHOHWHG IURP WKH PRGHO 6XEVHTXHQWO\ ZH
DVVXPHG SDUDOOHO VORSHV DQG FDOFXODWHG WKH HOHYDWLRQV RI WKH UHJUHVVLRQV RI WKH
SDUDPHWHU RQ ERG\ PDVV IRU ERWK FRQGLWLRQV $ WZRWDLOHG VLJQLILFDQFH OHYHO RI
S ZDV XVHG LQ DOO RWKHU WHVWV























)LJXUH  $OORPHWULF UHODWLRQVKLS EHWZHHQ WRWDO GU\ '0 J IDW )0 J DQG OHDQ PDVV /0 J DQG
ZHW ERG\ PDVV :%0 J LQ -DSDQHVH TXDLO VXEMHFWHG HLWKHU WR /' JUH\ V\PEROV DW KDWFKLQJ
DQG  G RI DJH /' RSHQ V\PEROV DW    DQG  G RI DJH RU /' VROLG V\PEROV DW
DJHV HTXDO WR /' ZLWK DG OLE IRRG GXULQJ WKH OLJKW SHULRG 'LDJRQDO GDVKHG OLQHV LQGLFDWH
SHUFHQWDJHV RI :%0
)RRG UHVWULFWLRQ DQG ERG\ FRPSRVLWLRQ LQ TXDLO 
5(68/76
%RG\ PDVV DQG WRWDO GU\ IDW DQG OHDQ PDVV
,Q WDEOH  ZH OLVWHG GLIIHUHQW FKDUDFWHULVWLFV RI WKH ELUGV DW KDWFKLQJ DQG  G RI DJH
SUHWUHDWPHQW DQG ² G RI DJH IRU ERWK WUHDWPHQWV &KLFNV VXEMHFWHG WR D VKRUW GD\
OHQJWK 6' GLG QRW JURZ GXULQJ WKH ILUVW  G RI WKH H[SHULPHQW 7DEOH  7KHUHDIWHU
ZHW ERG\ PDVV :%0 J LQFUHDVHG DJDLQ EXW WKH FKLFNV GLG QRW UHDFK WKH VDPH
:%0 DW WKH HQG RI WKH H[SHULPHQW DV WKH ELUGV H[SRVHG WR D ORQJ GD\ OHQJWK /'
:%0 ZDV VLJQLILFDQWO\ KLJKHU LQ WKH /'JURXS 7  S 7DUVXV PP ZDV
VLJQLILFDQWO\ ORQJHU DW  G RI DJH LQ WKH /'JURXS FRPSDUHG WR WKH 6'JURXS 7 
S 7DEOH  :LQJ OHQJWK PP DW WKLV DJH ZDV QRW LQIOXHQFHG E\ WUHDWPHQW
7DEOH  7RWDO GU\ IDW DQG OHDQ PDVV J LQ UHODWLRQ WR :%0 IRU ERWK GD\ OHQJWKV LV
SORWWHG LQ ILJXUH  &DOFXODWHG LQWHUFHSWV DQG H[SRQHQWV IRU WKH DOORPHWULF
UHODWLRQVKLSV EHWZHHQ FRPSRQHQW PDVV DQG :%0 DUH OLVWHG LQ WDEOH  7RWDO GU\
)  DQG OHDQ PDVV )  ZHUH VLJQLILFDQWO\ S LQIOXHQFHG E\
WUHDWPHQW GU\ PDVV ZDV KLJKHU  DQG OHDQ PDVV ORZHU  LQ /'FKLFNV
FRPSDUHG WR 6'FKLFNV RI HTXDO :%0 )LJ  7DEOH  7RWDO IDW PDVV YDULHG DOVR
VLJQLILFDQWO\ ZLWK IRRG GXUDWLRQ )  S ZLWK D VLJQLILFDQW WUHDWPHQW ×
:%0 LQWHUDFWLRQ )  S VORSH EHWZHHQ WRWDO IDW PDVV DQG :%0 ZDV
VWHHSHU LQ WKH 6'JURXS )LJ  7DEOH  )DW PDVV LQ DQ /'FKLFN RI  J
DSSUR[LPDWH PDVV DW  G RI DJH ZDV RQ DYHUDJH  WLPHV KLJKHU WKDQ LQ DQ 6'FKLFN
7DEOH  $OORPHWULF UHODWLRQVKLS EHWZHHQ FRPSRQHQW PDVV J DQG ERG\ PDVV J LQ -DSDQHVH TXDLO
H[SRVHG HLWKHU WR D ORQJ /' RU VKRUW GD\ OHQJWK /' ZLWK DG OLE IRRG GXULQJ WKH OLJKW
SHULRG
0RGHO ZDV FRPSRQHQW PDVV  D0E ZKHUH 0 LV ZHW ERG\ PDVV IRU GU\ OHDQ DQG IDW PDVV DQG
OHDQ ERG\ PDVV IRU RWKHU FRPSRQHQWV Q  IRU /' H[FHSW IRU VSOHHQ ZKHUH Q  Q 
IRU /' H[FHSW IRU VSOHHQ ZKHUH Q  &RPSRQHQW PDVV LV H[SUHVVHG DV OHDQ ZHW PDVV
H[FHSW IRU WKH FRPSRQHQWV GU\ GU\ PDVV RI PDLQ ERG\ OHDQ OHDQ PDVV RI PDLQ ERG\ DQG IDW
PDVV IDW PDVV RI PDLQ ERG\
 ([SRQHQW YDOXHV IRU JLYHQ FRPSRQHQW GLIIHU VLJQLILFDQWO\ EHWZHHQ GD\ OHQJKWV W WHVW S
Â ,QWHUFHSW YDOXHV IRU JLYHQ FRPSRQHQW GLIIHU VLJQLILFDQWO\ EHWZHHQ GD\ OHQJKWV W WHVW S
H[SRQHQW ± 6( LQWHUFHSW 5
FRPSRQHQW /' /' /' /' /' /'
GU\ PDVV  ±   ±  Â   
OHDQ PDVV  ±   ±  Â   
IDW PDVV  ±   ±  Â   
KHDUW  ±   ±  Â   
SHFW PXVFOH  ±   ±  Â   
OLYHU  ±   ±  Â   
FURS  ±   ±  Â   
SURY  JL]]DUG  ±   ±     
LQWHVWLQH  ±   ±     
VSOHHQ  ±   ±     
&KDSWHU 
ZLWK HTXDO :%0 DSSUR[LPDWH PDVV DW  G RI DJH 7KLV IDFWRU ZDV UHGXFHG WR  IRU
FKLFNV RI  J
*URVV HQHUJ\ LQWDNH
*URVV HQHUJ\ LQWDNH *(, N-G ZDV UHGXFHG LQ WKH 6'JURXS FRPSDUHG WR WKH /'
JURXS DW DOO DJHV 7DEOH  ,W LV HYLGHQW WKDW WKLV GHFUHDVH LQ *(, ZDV QRW SURSRUWLRQDO
WR WKH UHGXFWLRQ LQ IHHGLQJ WLPH %HFDXVH DOPRVW QR IRRG ZDV SUHVHQW LQ WKH *,7 DW WKH
VWDUW RI WKH IHHGLQJ SHULRG )LJ $ ZH DVVXPHG ERG\ PDVV DW OLJKWVRQ HTXDO WR
:%0 8VLQJ DOO *(, GDWD $1&29$ UHYHDOHG D VLJQLILFDQW HIIHFW RI WUHDWPHQW
)  S RQ *(, DIWHU FRUUHFWLRQ IRU :%0 ZLWK D VLJQLILFDQW WUHDWPHQW ×























































)LJXUH  6FDOLQJ RI GLIIHUHQW OHDQ RUJDQ PDVVHV J WR OHDQ ERG\ PDVV J LQ -DSDQHVH TXDLO
VXEMHFWHG WR WKUHH GLIIHUHQW GD\ OHQJWKV ZLWK DG OLE IRRG GXULQJ WKH OLJKW SHULRG 'LDJRQDO OLQHV
LQGLFDWH SHUFHQWDJHV RI OHDQ ERG\ PDVV GDVKHG DW KDWFKLQJ VROLG DW  G RI DJH )RU PRUH
GHWDLOV VHH ILJXUH 
)RRG UHVWULFWLRQ DQG ERG\ FRPSRVLWLRQ LQ TXDLO 
WKH 6'JURXS 2Q WKH EDVLV RI WKH DOORPHWULF UHODWLRQVKLSV EHWZHHQ *(, DQG :%0 IRU
ERWK D VKRUW *(,   × :%0 DQG ORQJ GD\ OHQJWK *(,   × :%0 ZH
HVWLPDWHG WKDW DQ /'FKLFN RI  J FRQVXPHG  N-G  PRUH WKDQ DQ 6'FKLFN
RI HTXDO :%0 7KLV GLIIHUHQFH LQ LQWDNH GLVDSSHDUHG DW D ERG\ PDVV RI  J 
YHUVXV  N-G :H DUH DZDUH WKDW VRPH ELUGV FRQWULEXWH PXOWLSOH SRLQWV WR WKLV
DQDO\VLV +RZHYHU RXU GHVLJQ GRHV QRW SHUPLW FRUUHFWLRQ IRU WKLV
2UJDQ PDVVHV
,Q ILJXUH  ZH FRPSDUH OHDQ RUJDQ PDVVHV J LQ UHODWLRQ WR OHDQ ERG\ PDVV /%0 J
EHWZHHQ WUHDWPHQWV IURP  G RI DJH RQZDUGV &DOFXODWHG LQWHUFHSWV DQG H[SRQHQWV IRU
WKH DOORPHWULF UHODWLRQVKLSV EHWZHHQ OHDQ RUJDQ PDVV DQG /%0 IRU ERWK WUHDWPHQWV DUH
OLVWHG LQ WDEOH  $1&29$ UHYHDOHG WKDW OHDQ PDVV RI KHDUW )  S
SHFWRUDOLV PXVFOH )  S OLYHU )  S DQG FURS ) 
S YDULHG VLJQLILFDQWO\ ZLWK WUHDWPHQW DIWHU FRUUHFWLRQ IRU /%0 /HDQ OLYHU DQG
FURS ZHLJKHG PRUH  DQG OHVV  UHVSHFWLYHO\ LQ /'FKLFNV FRPSDUHG WR 6'
FKLFNV RI HTXDO PDVV 7DEOH  )RU ERWK OHDQ KHDUW )  S DQG SHFWRUDOLV
PXVFOH )  S WUHDWPHQW × /%0 LQWHUDFWLRQ VLJQLILFDQWO\ LQFUHDVHG WKH
H[SODLQHG YDULDQFH )LJ  7DEOH  1RQH RI WKH RWKHU OHDQ RUJDQ PDVVHV LQFOXGLQJ
LQWHVWLQH ZHUH VLJQLILFDQWO\ DIIHFWHG E\ H[SHULPHQWDO FRQGLWLRQ ,Q ILJXUH  ZH SORWWHG
GLDJRQDO OLQHV WKDW LQGLFDWH SHUFHQWDJHV RI /%0 GDVKHG OLQHV LQGLFDWH WKH SHUFHQWDJH
DW KDWFKLQJ DQG WKH VROLG OLQHV DW  G RI DJH 7KH FRQWULEXWLRQ RI OHDQ OLYHU VSOHHQ
DQG LQWHVWLQH PDVV WR /%0 ZDV VWDEOH WKURXJKRXW GHYHORSPHQW IRU ERWK FRQGLWLRQV


























)LJXUH  5HODWLRQVKLS EHWZHHQ JURVV HQHUJ\ LQWDNH *(, N-G DQG OHDQ RUJDQ PDVV J RI FURS
SURYHQWULFXOXV SOXV JL]]DUG DQG LQWHVWLQH LQ -DSDQHVH TXDLO FKLFNV VXEMHFWHG HLWKHU WR D ORQJ
/' RU VKRUW GD\ OHQJWK /' ZLWK DG OLE IRRG GXULQJ WKH OLJKW SHULRG 7KH UHODWLRQVKLSV
EHWZHHQ *(, DQG OHDQ RUJDQ PDVVHV IRU FKLFNV VXEMHFWHG WR D ORQJ GD\ OHQJWK VROLG OLQHV DUH
GHVFULEHG E\ WKH IROORZLQJ HTXDWLRQV *(,   × FURS *(,   × SURYHQWLFXOXV SOXV
JL]]DUG DQG *(,   × LQWHVWLQH IRU DOO 5  Q  S 7KH HTXDWLRQV
IRU FKLFNV VXEMHFWHG WR D VKRUW GD\ OHQJWK GDVKHG OLQHV DUH *(,   × FURS *(,   ×
SURYHQWULFXOXV SOXV JL]]DUG DQG *(,    × LQWHVWLQH IRU DOO 5  Q 
S
&KDSWHU 
LQFUHDVLQJ /%0  ±  DW KDWFKLQJ YHUVXV  ±  DW  G RI DJH LQ WKH /'
JURXS 7  S DQG  ±  LQ WKH 6'JURXS 7  S 7KH
SHUFHQWDJH RI OHDQ FURS PDVV RQ WKH RWKHU KDQG GHFUHDVHG WKURXJKRXW PDWXUDWLRQ IRU
ERWK WUHDWPHQWV  ±  DW KDWFKLQJ YHUVXV  ±  DW  G RI DJH IRU WKH /'
JURXS 7  S DQG  ±  IRU WKH 6'JURXS 7  S 7KLV
ZDV DOVR WUXH IRU WKH SHUFHQWDJH RI OHDQ SURYHQWULFXOXV SOXV JL]]DUG PDVV
FRUUHVSRQGLQJ QXPEHUV ZHUH  ±   ±  7  S DQG  ±
 7  S UHVSHFWLYHO\ ,Q 6'FKLFNV WKH FRQWULEXWLRQ RI OHDQ KHDUW
PDVV WR /%0 GHFUHDVHG ZLWK WLPH  ±  DW KDWFKLQJ YHUVXV  ±  DW  G
RI DJH 7  S ZKLOH WKLV SHUFHQWDJH GLG QRW FKDQJH LQ WKH /'JURXS  ±

*(, LQ UHODWLRQ WR OHDQ PDVV RI WKH WKUHH *,7 VHJPHQWV IRU ERWK FRQGLWLRQV LV
SORWWHG LQ ILJXUH  :H HVWLPDWHG WKH OHDQ PDVV RI WKH GLIIHUHQW FRPSRQHQWV IRU D
FHUWDLQ *(, E\ XVLQJ WKH HTXDWLRQV OLVWHG LQ WDEOH  )RU WKLV ZH FRQYHUWHG ERG\ PDVV
DW WKH VWDUW RI WKH IHHGLQJ SHULRG WR /%0 DQG HVWLPDWHG WKH OHDQ PDVV RI WKH WKUHH *,7
FRPSRQHQWV IRU D FHUWDLQ /%0 DQG WKXV IRU D FHUWDLQ *(, )LJXUH  VKRZV WKDW VKRUWO\
DIWHU WKH VWDUW RI WKH H[SHULPHQW 6'FKLFNV KDG QRW DGMXVWHG WKHLU *,7 RUJDQ PDVVHV WR








































)LJXUH  6FDOLQJ RI LQWHVWLQH OHQJWK PP FDHFXP OHQJWK PP DQG OHDQ LQWHVWLQH PDVV SHU XQLW
OHQJWK PJPP WR OHDQ ERG\ PDVV J LQ -DSDQHVH TXDLO VXEMHFWHG WR WKUHH GLIIHUHQW GD\ OHQJWKV
ZLWK DG OLE IRRG GXULQJ WKH OLJKW SHULRG )RU PRUH GHWDLOV VHH ILJXUH 
)RRG UHVWULFWLRQ DQG ERG\ FRPSRVLWLRQ LQ TXDLO 
FRPSDUHG WR /'FKLFNV ZLWK HTXDO OHDQ RUJDQ PDVV 8VLQJ WKH DOORPHWULF UHODWLRQVKLSV
EHWZHHQ *(, DQG WKH GLIIHUHQW OHDQ RUJDQ PDVVHV IRU ERWK WUHDWPHQWV )LJ  ZH
FDOFXODWHG WKDW RQ DYHUDJH *(, RI DQ /'FKLFN ZLWK D OHDQ FURS PDVV RI  J PDVV
DW WKH VWDUW RI WKH H[SHULPHQW ZDV  WLPHV KLJKHU WKDQ RI DQ 6'FKLFN ZLWK HTXDO
FURS PDVV 7KH IDFWRUV RI ELUGV ZLWK D OHDQ SURYHQWULFXOXV SOXV JL]]DUG PDVV RI  J
DQG LQWHVWLQH PDVV RI  J UHSUHVHQWDWLYH PDVVHV DW WKH VWDUW RI WKH H[SHULPHQW ZHUH
 DQG  UHVSHFWLYHO\ 7KHUHDIWHU *(, LQFUHDVHG DQG DW WKH HQG RI WKH H[SHULPHQW
*(, RI 6'FKLFNV ZDV FRPSDUDEOH WR WKDW RI /'FKLFNV ZLWK WKH VDPH OHDQ PDVV IRU
ERWK SURYHQWULFXOXV SOXV JL]]DUG  J  N-G YHUVXV  N-G DQG LQWHVWLQH  J
 N-G YHUVXV  N-G ,Q FRQWUDVW 6'FKLFNV ZHUH XQDEOH WR LQFUHDVH *(, WR VXFK
D OHYHO WKDW WKH\ DSSURDFKHG WKH LQWDNH RI /'FKLFNV ZLWK HTXDO OHDQ FURS PDVV *(, RI
/'FKLFNV ZLWK D  J OHDQ FURS PDVV ZDV RQ DYHUDJH  WLPHV KLJKHU WKDQ RI 6'
FKLFNV ZLWK HTXDO OHDQ FURS PDVV 6'FKLFNV ZHUH RQO\ DEOH WR DSSURDFK WKDW LQWDNH
OHYHO E\ HQODUJLQJ FURS PDVV )LJ 
)LJXUH  FRPSDUHV /' DQG 6'TXDLO LQ UHODWLRQ WR /%0 ZLWK UHVSHFW WR LQWHVWLQH
OHQJWK PP OHDQ LQWHVWLQH PDVV SHU XQLW OHQJWK PJPP DQG FDHFXP OHQJWK PP
/HDQ LQWHVWLQH PDVV SHU XQLW OHQJWK YDULHG VLJQLILFDQWO\ ZLWK GD\ OHQJWK ) 
S /'TXDLO KDG D KLJKHU  LQWHVWLQH GHQVLW\ WKDQ 6'TXDLO RI HTXDO /%0
%RWK LQWHVWLQH DQG FDHFXP OHQJWK ZHUH QRW DIIHFWHG E\ WUHDWPHQW )LJ 







































)LJXUH  :HW IRRG FRQWHQW J RI WKH WRWDO JDVWURLQWHVWLQDO WUDFW $ FURS % SURYHQWULFXOXV SOXV
JL]]DUG & DQG LQWHVWLQH ' DV D IXQFWLRQ RI ZHW ERG\ PDVV J LQ -DSDQHVH TXDLO VXEMHFWHG WR D
ORQJ /' VROLG OLQHV RU VKRUW GD\ OHQJWK /' GDVKHG OLQHV ZLWK DG OLE IRRG GXULQJ WKH
OLJKW SHULRG :HW IRRG FRQWHQW ZDV PHDVXUHG HLWKHU DW WKH VWDUW IDVWHG RU HQG RI WKH OLJKW SHULRG
IHG
&KDSWHU 
)RRG FRQWHQW JDVWURLQWHVWLQDO WUDFW
$W OLJKWVRQ WKH DPRXQW RI IRRG J SUHVHQW LQ WKH WKUHH *,7 VHJPHQWV GLG QRW GLIIHU
EHWZHHQ WUHDWPHQWV )LJ $ )HHGLQJ UHVXOWHG LQ D ODUJH LQFUHDVH LQ IRRG FRQWHQW RI
WKH WRWDO *,7 LQ 6'FKLFNV DQG WR D OHVVHU H[WHQW LQ /'FKLFNV 7DEOH  7KLV LQFUHDVH
ZDV ODUJHO\ GXH WR WKH VWRUDJH RI IRRG LQ WKH FURS DQG WR D OHVVHU H[WHQW LQ WKH
SURYHQWULFXOXV SOXV JL]]DUG DQG LQWHVWLQH )LJ  7DEOH  7KH YDULDWLRQ LQ IRRG
VWRUDJH LQ WKH FURS DW WKH HQG RI WKH OLJKW SHULRG ZDV FRPSOHWHO\ H[SODLQHG E\ :%0
)  S DQG WUHDWPHQW × :%0 LQWHUDFWLRQ )  S )RRG
FRQWHQW RI WKH SURYHQWULFXOXV SOXV JL]]DUG DQG LQWHVWLQH DW WKH HQG RI WKH IHHGLQJ
SHULRG ZDV QRW DIIHFWHG E\ WUHDWPHQW RU WUHDWPHQW × :%0 LQWHUDFWLRQ DIWHU FRUUHFWLRQ
IRU :%0 )LJ  7DEOH 
',6&866,21
7KLV H[SHULPHQW VKRZHG WKDW \RXQJ IDVW JURZLQJ TXDLO LQFUHDVH WKHLU KRDUGLQJ
FDSDFLWLHV E\ HQODUJLQJ FURS PDVV ZKHQ FRQIURQWHG ZLWK WLPHOLPLWHG IRRG UHVWULFWLRQ
LPSRVHG YLD GD\ OHQJWK UHGXFWLRQ ,Q WKLV ZD\ FKLFNV DUH DEOH WR LQFUHDVH IRRG LQWDNH
WR D OHYHO WKDW HQDEOHV WKHP  WR PDNH RSWLPDO XVH RI WKH JDVWURLQWHVWLQDO WUDFW
FDSDFLW\ E\ WKH HQG RI WKH H[SHULPHQW DQG  WR JDLQ ZHLJKW FRQWLQXRXVO\ DIWHU DQ
LQLWLDO GURS LQ ERG\ PDVV DW WKH VWDUW RI WKH H[SHULPHQW 1R DGMXVWPHQWV LQ
SURYHQWULFXOXV SOXV JL]]DUG DQG LQWHVWLQH ZHUH YLVLEOH
*URVV HQHUJ\ LQWDNH *(, LQ JURZLQJ -DSDQHVH TXDLO VXEMHFWHG WR GDLO\ K IHHGLQJ
SHULRGV ZDV UHGXFHG DW WKH VWDUW RI WKH H[SHULPHQW EXW LQFUHDVHG PRUH UDSLGO\ GXULQJ
WKH H[SHULPHQWDO SHULRG WKDQ LQ FKLFNV VXEMHFWHG WR GDLO\ K IHHGLQJ SHULRGV 7KLV
7DEOH  2YHUDOO ZHW IRRG FRQWHQW J PHDQ ± 6' RI WKH JDVWURLQWHVWLQDO WUDFW *,7 DQG LWV
GLIIHUHQW VHJPHQWV HLWKHU DW WKH VWDUW IDVWHG RU HQG RI WKH OLJKW SHULRG IHG LQ -DSDQHVH TXDLO
H[SRVHG WR D ORQJ /' RU VKRUW GD\ OHQJWK /' ZLWK DG OLE IRRG GXULQJ WKH OLJKW SHULRG
 SURY  SURYHQWULFXOXV
Â LQWHVWLQH  VPDOO SOXV ODUJH LQWHVWLQH DQG FDHFD
 'LIIHUHQFH EHWZHHQ WKH IDVWHG DQG IHG VWDWH ZLWKLQ GD\ OHQJWK W WHVW
 'LIIHUHQFH EHWZHHQ GD\ OHQJWK ZLWKLQ IHHGLQJ VWDWH W WHVW










IDVWHG  ±   ±   ±   ± 
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IHG  ±   ±   ±   ± 
/'
IDVWHG  ±   ±   ±   ± 
   
IHG  ±   ±   ±   ± 
)RRG UHVWULFWLRQ DQG ERG\ FRPSRVLWLRQ LQ TXDLO 
LQFUHDVH LQ *(, ZDV PDLQO\ GXH WR DQ LQFUHDVH LQ UHODWLYH FURS PDVV E\ ZKLFK WKH
\RXQJ ELUGV HQODUJHG WKHLU IRRG VWRUDJH FDSDFLWLHV )LJ  7KLV ZDV HYLGHQW IURP WKH
ODUJH DPRXQW RI IRRG VWRUHG LQ WKH FURS E\ WKH HQG RI WKH IHHGLQJ SHULRG LQ 6'ELUGV
)LJ  7DEOH  )RRG VWRUDJH LQ SURYHQWULFXOXV SOXV JL]]DUG DQG LQWHVWLQH ZDV
PLQLPDO FRPSDUHG WR FURS VWRUDJH LQ ERWK WUHDWPHQWV )LJ  7DEOH  &URS ILOOLQJ LV D
JHQHUDOO\ DGRSWHG IHHGLQJ VWUDWHJ\ E\ ELUGV SRVVHVVLQJ D FURS WKDW DUH VXEMHFWHG WR
GDLO\ SHULRGV GXULQJ ZKLFK QR IHHGLQJ FDQ RFFXU  %\ FURS ILOOLQJ WKHVH ELUGV
HQVXUH WKHPVHOYHV RI D FRQVWDQW IORZ RI HQHUJ\ GXULQJ SDUW RI D IDVWLQJ SHULRG
)ROORZLQJ WKLV VWUDWHJ\ WKH \RXQJ TXDLO LQ WKLV VWXG\ ZHUH DEOH WR JDLQ ZHLJKW
FRQWLQXRXVO\ DIWHU DQ LQLWLDO GURS LQ ERG\ PDVV GXULQJ WKH ILUVW  G RI WKH H[SHULPHQW
7DEOH  ,Q WKLV ZD\ WKH\ DOVR PDQDJHG WR QRUPDOLVH UHODWLYH IDW SHFWRUDOLV PXVFOH
DQG OLYHU PDVVHV E\ WKH HQG RI WKH H[SHULPHQW )LJ  
$ VWUDWHJ\ JURZLQJ DQLPDOV FDQ DGRSW WR PDLQWDLQ KLJK UDWHV RI ERG\ ZHLJKW JDLQ
GHVSLWH ORZHU IRRG LQWDNH OHYHOV LV WR DOORFDWH HQHUJ\ LQ SUHIHUHQFH RI FHUWDLQ RUJDQV
HVVHQWLDO IRU JURZWK IRU H[DPSOH GLJHVWLYH RUJDQV DW WKH H[SHQVH RI RWKHU OHVV
LPSRUWDQW RUJDQV IRU H[DPSOH PXVFOH VSOHHQ ,Q ELUGV ZLWK D KLJK JURZWK UDWH WKH
JURZWK SDWWHUQ LV FKDUDFWHULVHG E\ D UDSLG HDUO\ GHYHORSPHQW RI WKH GLJHVWLYH RUJDQV
DQG D ODWH GHYHORSPHQW RI SHFWRUDO PXVFOHV  :H VKRZHG WKDW WKLV SDWWHUQ RI
GHYHORSPHQW ZDV KDUGO\ DIIHFWHG E\ IRRG UHVWULFWLRQ $OWKRXJK UHODWLYH SHFWRUDOLV
PXVFOH KHDUW DQG OLYHU PDVV ZHUH GHFUHDVHG LQ 6'TXDLO DW WKH EHJLQQLQJ RI WKH
H[SHULPHQW RQO\ WKH UHODWLYH KHDUW PDVV ZDV VWLOO VLJQLILFDQWO\ UHGXFHG E\ WKH HQG RI
WKH H[SHULPHQW FRPSDUHG WR /'FKLFNV $OVR WKH LPPXQH IXQFWLRQ ZLWK VSOHHQ PDVV
DV DQ LQGLFDWRU ZDV QRW DIIHFWHG E\ IRRG UHVWULFWLRQ 6SOHHQ LV RQH RI WKH O\PSKRLG
RUJDQV LQYROYHG LQ WKH GHIHQFH RI WKH ERG\ DJDLQVW DQWLJHQV DQG UHGXFHG VSOHHQ
ZHLJKWV DUH JHQHUDOO\ DFFHSWHG DV DQ LQGLFDWRU IRU DQ LPSDLUHG LPPXQH IXQFWLRQ
 :H RQO\ LQYHVWLJDWHG WKH HIIHFW RQ VSOHHQ PDVV DQG FDQ WKHUHIRUH
QRW H[FOXGH WKDW IRRG UHVWULFWLRQ PD\ KDYH LPSDLUHG RWKHU LQGLFDWRUV RI WKH LPPXQH
V\VWHP 7KXV LQ JURZLQJ TXDLO WLPHOLPLWHG IRRG UHVWULFWLRQ GLG QRW OHDG WR DQ
DOORFDWLRQ RI HQHUJ\ LQ EHQHILW RI FHUWDLQ RUJDQV EXW UHVXOWHG LQ D JHQHUDO UHWDUGDWLRQ
RI JURZWK RI DOO ERG\ WLVVXHV UHODWLYH WR ERG\ PDVV
:H KDG QR LQGLFDWLRQV WKDW WKH VWRUDJH FDSDFLWLHV RI WKH SURYHQWULFXOXV SOXV
JL]]DUG DQG LQWHVWLQH ZHUH LQIOXHQFHG E\ IRRG UHVWULFWLRQ 1RU WKDW IRRG UHVWULFWLRQ
UHVXOWHG LQ LQFUHDVHG IHHGLQJ HIILFLHQFLHV ERWK LQWHVWLQH ZHLJKW DQG OHQJWK ZHUH
XQDIIHFWHG ZKLOH LQWHVWLQH GHQVLW\ PJPP ZDV HYHQ GHFUHDVHG LQ UHVWULFWHG FKLFNV
7KH GLJHVWLYH RUJDQV HVSHFLDOO\ WKH VPDOO LQWHVWLQH DUH JHQHUDOO\ NQRZQ IRU WKHLU
FRQVLGHUDEOH IOH[LELOLW\ ZKHQ FRQIURQWHG ZLWK FKDQJLQJ IHHGLQJ FRQGLWLRQV VXFK DV
FKDQJHV LQ HQHUJ\ GHPDQGV  GLHW  RU IRRG DYDLODELOLW\
 /DFWDWLQJ UDWV WKDW IDFH KLJKHU HQHUJ\ GHPDQGV VKRZ EHVLGHV DQ
LQFUHDVH LQ IRRG LQWDNH DQ LQFUHDVH LQ VPDOO LQWHVWLQH OHQJWK DQG LQ PDVVHV RI
VWRPDFK VPDOO LQWHVWLQH DQG FDHFXP  0LJUDWRU\ ELUGV RQ WKH RWKHU KDQG WKDW
DOVR IDFH ORQJ SHULRGV RI KLJK HQHUJ\ GHPDQG GXULQJ IOLJKW KDYH UHGXFHG PDVVHV RI
JL]]DUG DQG LQWHVWLQH EHIRUH PLJUDWLRQ WKDW DUH TXLFNO\ UHEXLOG XSRQ DUULYDO DW WKH
PLJUDWRU\ GHVWLQDWLRQ  ,Q WKLV ZD\ WKHVH ELUGV GLVSHQVH ZLWK FRVWO\ RUJDQV QRW
GLUHFWO\ QHFHVVDU\ GXULQJ IOLJKW +LJK IOH[LELOLW\ RI WKH VPDOO LQWHVWLQH LV DOVR YLVLEOH LQ
EURLOHU FKLFNHQV WKDW DUH UHIHG DIWHU D VKRUW SHULRG RI HDUO\OLIH IRRG UHVWULFWLRQ ± 
&KDSWHU 
ZHHN VPDOO LQWHVWLQH LQFUHDVHV PRUH UDSLGO\ LQ PDVV WKDQ WKH ZKROH ERG\ 
,W ZDV LQIHUUHG  IURP IRUFHIHHGLQJ H[SHULPHQWV LQ FKLFNV WKDW GLJHVWLYH RUJDQV
XVXDOO\ IXQFWLRQ DW PD[LPXP UDWH DQG D VXEVWDQWLDO LQFUHDVH LQ LQJHVWLRQ FDQ RQO\ EH
DFFRPSOLVKHG E\ HQODUJHPHQW RI WKH GLJHVWLYH WUDFW
7KH TXDLO FKLFNV LQ RXU VWXG\ GLG QRW DGMXVW *,7 RUJDQV DSDUW IURP FURS WR D ORZHU
IRRG LQWDNH OHYHO :H VKRZHG WKDW DW WKH VWDUW RI WKH H[SHULPHQW 6'FKLFNV ZHUH
XQDEOH WR PDNH RSWLPDO XVH RI WKHLU *,7 FDSDFLW\ )LJ  %HFDXVH WKH *,7 DQG
HVSHFLDOO\ WKH VPDOO LQWHVWLQH LV D PHWDEROLFDOO\ H[SHQVLYH V\VWHP WR PDLQWDLQ LQ
FRPSDULVRQ WR RWKHU ERG\ WLVVXHV  DGMXVWLQJ LWV VL]H WR D ORZHU LQWDNH OHYHO
ZRXOG EH DQ REYLRXV VWUDWHJ\ WR IROORZ 5HGXFLQJ WKH *,7 ZRXOG HQDEOH WKH ELUGV WR
HFRQRPLVH RQ WRWDO K HQHUJ\ H[SHQGLWXUH OHDYLQJ PRUH HQHUJ\ IRU JURZWK :H
GHPRQVWUDWHG KRZHYHU WKDW E\ HQODUJLQJ WKH FURS \RXQJ TXDLO ZHUH DEOH WR LQFUHDVH
IRRG LQWDNH WR VXFK D OHYHO WKDW WKH XWLOLVDWLRQ RI WKH FDSDFLW\ RI ERWK SURYHQWULFXOXV
SOXV JL]]DUG DQG LQWHVWLQH JUDGXDOO\ LPSURYHG )LJ  7KLV OLNHO\ PDGH PRUSKRORJLFDO
DGMXVWPHQWV RI WKHVH RUJDQV HYHQ GLVDGYDQWDJHRXV $GMXVWPHQWV DUH DOVR OLNHO\ WR EH
H[SHQVLYH LQ WHUPV RI HQHUJ\ DQG LQFUHDVLQJ WKH VWRUDJH FDSDFLW\ RI WKH FURS D
PHWDEROLFDOO\ LQDFWLYH WLVVXH PD\ EH DQ HQHUJHWLFDOO\ FKHDS VROXWLRQ WR JURZ DV IDVW DV
SRVVLEOH $OVR D ODUJH *,7 DW ORZ OHYHOV RI IRRG LQWDNH PD\ HQODUJH IRRG UHWHQWLRQ
WLPHV WKDW FRXOG LQFUHDVH GLJHVWLYH HIILFLHQF\  &OHDUO\ PRUH UHVHDUFK LV ZDUUDQWHG
RQ WKH RSWLPLVDWLRQ RI WKH GLJHVWLYH V\VWHP
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7KH DXWKRUV WKDQN 7 3LHUVPD IRU KLV YDOXDEOH FRPPHQWV
